Dosage compensation in some animals involves up-regulation of genes on the male's X chromosome. A study in the fruit fly Drosophila melanogaster shows that satellite DNA, and corresponding small noncoding RNA, helps the dosage compensation machinery preferentially find X sequences.
A common feature among animals is the presence of different sex chromosomes. Like mammals, many insects have an X chromosome, containing hundreds of genes needed for both sexes, and a Y chromosome, which carries a few genes that are needed only for males [1, 2] . The fact that females have two Xs while males have one sets up an asymmetry in gene dosage that must be dealt with, given that both sexes need the same amount of overall expression from each X-linked gene. Mammals solve this asymmetry by inactivating one of the two Xs in each female cell so that gene copy number in females effectively matches that in males [3] . Some insects, such as the fruit fly, Drosophila melanogaster, have a different strategy, which is to up-regulate expression of genes on the single X. To do this, male flies produce a complete set of proteins, the malespecific lethal proteins -named because males die when any of their encoding genes are lost through mutation -and a structural RNA known as roX, which together form the male-specific lethal (MSL) complex [2] . During embryonic development, the MSL complex selectively associates with genes on the male's X chromosome, where it enzymatically modifies DNA-packaging histone proteins [4] (Figure 1A ). This action alters the structure of the X's chromatin, a highly ordered assembly of DNA, histones, and other associated factors, allowing for a 2-fold increase of gene expression [4, 5] .
A longstanding question has been how the MSL complex preferentially associates with the X chromosome and avoids the non-sex chromosomes, whose genes must not undergo dosage compensation because they exist in duplicate in both sexes. Part of this selectivity can be explained by the presence of chromatin entry sites (CES), defined as regions enriched in MSL complex binding [6] . CES contain short (21-bp), GA-rich motifs known as MSL recognition elements (MREs), which are twice as abundant on the X as on the non-sex chromosomes [6] . But the fact that MREs are also located on non-sex chromosomes argues that other X recognition factors are at play. In this issue of Current Biology, Joshi and Meller [7] provide compelling evidence in D. melanogaster that X-specific satellite DNA operates through the small interfering RNA (siRNA) pathway to help recruit the MSL complex to X genes. This study is the culmination of several previous ones that together bridge MSL recruitment and satellite DNA. Originally, genetic screening uncovered a handful of genes involved in siRNA production or function that, when mutated, caused heightened death of males that were already sick because they carried mutations that reduced roX RNA [8] . This genetic interaction between siRNA pathway genes and roX suggested that siRNAs, normally a defense against retrotransposons [9] , may function in dosage compensation, perhaps by helping to identify X sequences. But how specifically?
In principle, the ideal MSL recruiting sequence is one that is highly specific for, if not exclusive to, the X chromosome. In D. melanogaster, each of the chromosomes carries a unique assembly of satellite DNAs [10] . The individual repeats of these non-coding sequences range from simple di-and tri-nucleotides to more complex monomers that are hundreds of bases in length, and they are typically clustered into tandem arrays of hundreds to thousands of repeats in the heterochromatic regions surrounding the chromosomes' centromeres [10] . However, the gene-rich euchromatin of the X contains small tandem arrays of a satellite DNA known as 1.688 (referring to its sedimentation density in g/cm 3 ), which, interestingly, are interspersed along the X and located near transcribed genes [11, 12] . The 1.688 satellite DNA repeat, 359 bp in length, is located in small copy number across the genome, but the variants on the X are unique [13, 14] . Additionally, 1.688 satellite DNA, like other repetitive sequences, is known to produce corresponding small RNAs in the young embryo, when dosage compensation is initiated [14, 15] . These characteristics inspired researchers to test for an interaction between 1.688-produced siRNAs and dosage compensation [14] . The approach was to artificially express siRNAs matching 1.688 in males with reduced roX and look for an effect on their survivability. Indeed, through high expression of these siRNAs, roX-reduced males, which are normally very sick, showed improved survival and, moreover, an enhanced association of the MSL complex with the X chromosome [14] . These findings strongly linked 1.688 satellite DNA to MSL complex recognition of the X, but what remained to be determined was specifically how this recognition occurred and, moreover, the role that 1.688 siRNAs played. Direct association of the MSL complex with 1.688 repeats was unlikely, based on low levels of MSL proteins associated with the 1.688 satellite DNA arrays themselves [14, 16] . Now, Joshi and Meller have addressed these issues by examining the ability of 1.688 satellite DNA to stimulate MSL complex recruitment [7] . In order to overcome difficulties in studying the native 1.688 repeats, which are numerous in copy number across the X [13] , the researchers engineered transgenes containing a small array of 1.688 repeats and planted them at different locations on a non-sex chromosome. These transgenes led to striking recruitment of the MSL complex into nearby regions of chromatin. To test if the 1.688-recruited MSL complexes were functional, a 1.688 transgene was placed at a position on the non-sex chromosome immediately adjacent to several essential genes that were deleted on the homologous chromosome (Figure1B). This gene deletion is normally lethal when present in single dose. However, MSL recruitment at the existing, single copies of these genes by the 1.688 transgene led to enhanced male survival, presumably through up-regulation of these critical genes. In addition, transgenic expression of 1.688-matching siRNAs further increased survivability of these males.
This work supports a model explaining how 1.688 satellite DNA leads to MSL complex recruitment. As MSL complexes are assembled at the sites of roX transcription on the X chromosome, existing 1.688 siRNAs associate with complementary, nascent transcripts being produced from 1.688 arrays near protein-coding genes (Figure 2) . Consistent with previous studies (reviewed in [17, 18] ), these siRNAs act as guides, drawing chromatin-remodeling enzymes to these transcribed regions (Figure 2 ). This process gives rise to specialized chromatin alterations that allow better access by the MSL complex to nearby genes. Because the involved 1.688 satellite variants are specific to the X [13] , the siRNAs fail to induce similar chromatin remodeling on the non-sex chromosomes, which contain different variants, thus preventing recruitment of the MSL complex to these chromosomes. What remains to be determined is how the 1.688 small RNAs operate as mediators of MSL recruitment, when siRNAs produced from satellite DNAs on other chromosomes clearly do not.
These studies provide other interesting implications. For example, the fact that an array of 1.688 repeats is located A small tandem array of 1.688 repeats resides beside a hypothetical X-linked gene. siRNAs corresponding to 1.688 nascent transcripts serve as guides for unknown chromatin remodelers, bringing them to the local region of chromatin (1) . The enzymes modify histones, altering the chromatin structure such that it becomes more conducive to MSL complex association (2) . H4K16 acetylation by the MSL complex provides further alteration of chromatin structure that allows heightened transcription of adjacent genes (3). This pathway is thought to occur independently of CES-mediated MSL recruitment.
immediately adjacent to one of the two roX genes [14] suggests the interesting possibility of co-expression of these sequences, and, therefore coordinated control of MSL assembly and siRNAmediated directing of chromatin remodelers to X sequences. Additionally, the presence of X-specific 1.688-like arrays beside roX is a conserved feature in other Drosophila species [14] . This latter finding not only lends credence to the proposed model, but it underscores the critical need for X-specific 1.688 variants, which, ironically, like other satellite DNAs, were historically regarded as functionally irrelevant.
The cyanobacterium Synechocystis relies on iron to perform oxygenic photosynthesis. This makes Synechocystis particularly sensitive to iron starvation. A new study shows that the small RNA IsaR1 is a major effector of the iron-stress response, remodeling the photosynthetic apparatus.
Ferrous iron (Fe 2+ ) is essential for most organisms. It is located in the active site of several enzymes involved in major biological functions, such as respiration, DNA biosynthesis, the TCA cycle, gene regulation and photosynthesis [1] . Despite being very abundant in the environment, iron is nearly inaccessible to living organisms because of its poor solubility in the presence of oxygen at neutral pH. Moreover, Fe 2+ becomes toxic at high intracellular concentrations by reacting with hydrogen peroxide, a normal byproduct of respirationtogether, Fe 2+ and hydrogen peroxide generate extremely damaging reactive oxygen species (ROS) such as hydroxyl radicals (OH,) through the Fenton and Haber-Weiss reactions [2] . To prevent production of toxic ROS and maintain intracellular Fe 2+ concentrations within an optimal range, many organisms possess a robust homeostatic system.
